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BULLETIN 298 MARCH 1936 
The Relation of Colloids in Soil 
to its Favorable Use in Pise 
or RaD1D1ed Earth Walls 
This picture shows laboratory equipment used in determining total soil colloids, 
thereby definitely determining the favorability of a soil for rammed earth work. Equip­
ment of particular interest is the tall graduates at the right of the scales, the specially­
designed hydrometer in the foreground in front of the right-hand scale pan, and the 
electric soil dispenser and cup at the right. This equipment was designed for soil anal­
yses by G. J. Bouyoucos of Michigan State College. The method of analysis is known 
as the "hydrometer" method and it lends itself to work with earth walls. 
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Clay Soil Unfavorable For 
Rammed Earth Walls 
By Ralph L. Patty 
Introduction 
Perhaps the most important question in connection with pise* or 
. rammed earth type of wall construction is the identification of favorable 
soils for this purpose. One who is inexperienced in this type of construction 
invariably will choose the wrong kin� of soil for it. As a stiff clay soil 
will become hard when dry it is naturally supposed that a clay soil would 
be favorable for rammed earth. This is not the case. In fact, only a small 
amount of clay is desirable while plenty of. sand or mineral aggregate is 
excellent. A test of the soil for sand content will often be sufficient for 
determining whether a soil is satisfactory or not, but not always. All sandy 
soils have been found favorable but probably 20 per cent of favorable soils 
will have a low sand content and will therefore not be identified by the 
simple test for sand.t These are soils which contain a high silt content and 
are comparatively low in clay. In no instance has a soil with a high clay 
content been found favorable for the purpose. 
In an effort to find a reliable method for accurately identifying favor­
able soils for rammed earth construction the South Dakota Experiment 
Station built test walls for determining the resistance of various types of 
soils to weathering. The soil used in these walls was then analyzed for 
total sand, total colloids, total clay, and total silt. After standing for four 
to five years the quality of the walls was rated or graded in per cent. 
Comparisons were then made of the resistance of the various walls to 
weathering and the total sand in each; the resistance of the walls to weath­
ering and the total colloids in each; the resistance to weathering and the 
total clay in each, and the resistance to weathering and the total silt in 
each. A fairly close relationship was found between the resistance to 
weathering and the total sand in the soil but there were exceptions as in­
dicated above. A very close relationship was found between the resistance 
of the walls to weathering and the amount of colloids in the soil. In fact 
since no appreciable exceptions were found to this relationship the results 
of the study seem to justify the statement that any natural soil can be 
identified definitely as favorable or unfavorable for pise construction if 
its colloidal content is known. In view of the fact that the total colloids in 
a soil can now be determined in less than an hour's time after the sample 
is dried to constant weight, this is a very significant fact. 
History and Description of the Weathering Walls 
Nearly 100 weathering walls have been built in the experimental yard 
but only 29 of these walls were built from typically different natural soils. 
* Pronounced "pee zay'" and abbreviated from the French word, "pise de terra," 
meaning rammed earth. This material is known throughout Europe as pise. 
t A method for making a practical test for sand in a soil is given in Experiment Sta­
tion Bulletin -No. 277. 
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This study of the relationship of colloids to favorable soils, was made upon 
these 29 original walls. Twenty-four of these walls were built during the 
summer of 1930, beginning in July. Five were not bqilt until the follow­
ing summer. At the time of the last inspection and rating of the walls, 24 
had been exposed to weather for five years, with five having an expo.sure 
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·Fhr, 1.-A Plat of the Experimental Yard of Rammed Earth Weathering Walls 
Only 29 of these walls were used in the study of colloids as they represent typically 
· diffuent soils. Twenty others are "corrected walls," having had sand added to the 
soil to reduce the colloidal percentage. 
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of one year less. The experimental yard in which the test walls were built 
is located on the campus immediately north of the Agricultural Engineer­
ing building. Although there is some protection from trees their exposure 
to the weather is comparatively uniform and typical for average condi­
tions. 
Fig. 1 shows the plat of the experimental yard drawn to scale and giv­
ing the number and the location of the test walls. The walls were made 36 
inches long by 30 inches high and with a thickness of 12 inches. They were 
built on a concrete foundation extending exactly 12 inches below grade 
and 6 inches above. They were roofed with small flat-topped covers hav­
ing an eave or over-hang of only two inches. The reason for this small 
overhang was to reduce to a minimum the protection from weathering on 
the side walls. On the other hand, it was found necessary to protect the 
tops of the walls from rain and to prevent a flow of water down the face 
of them as this flow of water will cut into a bare earth wall severely, and 
especially so when it is new. In order to prevent the water from flowing 
back under the flat over-hang of the roof, it was necessary to install a 
narrow strip of sheet steel around the edge of the roof as .shown in the 
pictures. The walls were built with east and west axes, providing a north 
and south exposure to their broad sides, and of course no protective cover­
ing has ever been used on the walls of this study. Other walls in the yard 
have been used for a study of protective coverings. 
Soil U sed.-The soil for building the walls used in this study was thr 
natural soil just as it was dug up from the original location. It was taker. 
from the grass roots down to a depth of approximately two feet in most 
cases. Walls No. 5 and 81, both local soils, were taken from a depth that 
would average greater than this. The entire state of South Dakota was 
Fig. 2.-A Corner of the Weathering-Wall Yard 
A total of nearly 100 experimental weathering walls are now in this yard. The 
small building in the picture just behind the author, is of rammed earth. At the left 
may be seen the end of a long rammed earth wall which is used for paint and covering 
panel study. The picture was taken in 1935. 
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Fig. 3.-Building the Experimental Weathering Walls 
This picture was taken early in the study and the concrete foundations for the walls 
may be seen. The tremendous side thrust of the earth while being rammed may be rea­
lized from the close spacing of the 2x4-inch stiffeners used around the form and held by 
five-eights inch bolts with wing-nuts. 
covered in getting the different soils and an effort made to secure a 
repre:sentative sample of all the typical soils in the state. The color of 26 
of the soils ranged from a deep black to grey, with two yellow soils and 
one a brilliant red. The red soil came from the Black Hills area. 
Original Study on Sand.-The walls were not originally built for the 
purpose of comparing the soils with regard to colloids. They were built 
with the idea of comparing their weather resistance to the amount of 
sand* they contained. After it was found that the relation of sand in the 
soil to the weather resistance was not definitely comparable, the study 
of the colloidal content was begun. This fact did not in any way interfere 
with the results obtained on the colloidal relationship. 
In studying the effect of sand in the soil it was found that the sand 
was favorable to weather resistance, without exception, but that there 
were a few walls in which soils having a low sand content showed high 
resistance to weathering. This fact eliminated the sand test as a definitely 
accurate test for favorable soils. Nevertheless, it is safe to say that a 
natural soil containing 40 per centt or more of sand will be favorable, and 
as the sand increases the favorability of the soil increases. No natural soil 
was found that contained too much sand barring that of gravel or sand 
banks. A simple test for determining the amount of sand in a soil is 
given in a preceding experiment station bulletin, No. 277, entitled "Ram­
med Earth Walls For Farm Buildings." It is highly desirable that one who 
is not a soil analyst make this test before judging a soil because there is 
usually much more sand in a soil than is expected. There is also less clay 
* The term sand as used in the description of this study includes all the aggregate 
mineral. t As determined by the hydrometer method. 
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in a soil than is generally judged. A soil that is thought to be heavy clay 
is not apt to contain more than 40 per cent of actual clay. 
Table No. 1 shows that three of the best walls in the yard each con­
tained over 75 per cent total sand as determined by the hydrometer analy­
sis. In two of these walls the sand is fine while in the third it is coarse 
and gravelly, indicating that the size of the grains of sand have little, if 
any effect on the resistance to weathering. In all cases the optimum mois­
ture was used for ramming the test walls and an accurate record was made 
of the moisture content and of the total sand, silt, and clay, in the wall 
when it was made. 
Relation of Clay Colloids to Favorable Pise·Soil 
The relationship between the total colloids in a soil and its resistance 
to weathering is shown in table No. 1. The first column in this table shows 
the number of the wall in the experimental yard. Col. 2 shows the rating 
or grade for quality which was given each wall. Col. 3 gives the total 
colloids in the soil used in each wall. Col. 4 gives the total sand content 
in per cent, for each soil. Col. 5 gives the total clay content in each soil 
in per cent. Col. 6 gives the percentage of very fine clay in each soil, which 
is also included in the conventional clay. Col. 7 gives the total silt in each 
soil, and Col. 8 is used principally to identify the location from wMch the 
soil was .secured. 
A comparison of the second and third columns of this table shows a 
striking inverse ratio for these two factors. As the soils show an increase 
in colloids, the walls .show a decrease in quality. The hydrometer method 
of analysis of Bouyoucos* was used for th_e analyses of the soils. This com­
paratively rapid method of anlysis lends itself unusually well to the study 
of earth construction. The walls were rated or graded for quality by the 
careful obervation of two persons and the average figures taken. In mak­
ing this rating no reference was made to the analysis of the soil from 
which the wall was made. Fig. 4 shows the curve for this relationship. In 
rating the walls, a grade of 50 per cent was established for the poorest 
surface and a grade of 100 per cent was considered a perfect surface .. 
Walls that show a rating of 80 per cent or below, are definitely unfit for 
use without a protective covering. Up to the present time no protective 
covering has been found that will stay on those walls which are rated be­
low 70 per cent. This classifies them as unfit for use up to the present time, 
at least, and includes the last four walls in the table, namely walls No. 51, 
63, 14 and 29. The study of protective coverings is still in progress, and the 
materials used in the tests include all types of paints, plasters, and stuccoes. 
More about the use of coverings is discussed later in this bulletin. Walls 
that have a rating of 80 to 90 per cent are fair to good, and walls rating 
from 90 to 99 are excellent to almost perfect. While the study indicates t:!iat 
a protective covering would be advisable if these walls are to stand for 100 
years, which they should do if kept in repair, yet late developments indi­
cate that a few of them might stand for that time without a covering. A 
comparison of these ratings in Col. 2 with the total colloids in Col. 3 shows 
that at the grade mark of about 80 the total colloids are around 40 per 
cent. We think of this point as the dividing line between favorable and 
• G. J, Bouyoucos of Michigan State College. 
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TABLE No. 1.-The Relation of Wall Rating for Quality, and the Analyses of Soils in 
d 
Weathering Walls of Pise-(Hydrometer Method). 
(1) (2) (3) (4) (5) (6) (7) (8) 
t-3 
H 
Wall Wall Rating Total Total Conventional Very Fine Conventional z 
No. Per cent Colloids Sand* Clay Clay Silt Identification Remarks 
N) 
10 99. 17.0 76.2 14.3 14.2 9.5 State Fair Grounds, Huron, S. D. 
e.o 
00 
5 99. 19.0 77.2 15.9 13.9 6.9 No. 3 Base Soil 
20 97.5 20.4 71.6 19.2 18.2 9.2 Timber Lake, S. D. w 
41 97. 33.0 19.9 23.8 18.2 56.3 Union County, Beresford, S. D. 0 
22 96.5 16.8 75.2 17 .0 16.0 7.8 Dewey County d 
46 95.5 31.3 44.8 21.6 17.7 33.6 Davison County, Mitchell, S. D. t-3 
9 95.5 32.5 53.3 27 .o 19.1 19.7 Seven miles north of Huron, S. D. ::r: 
53 92.0 37.0 28.8 26.4 23.3 44.8 Brown County, Stratford, S. D. 
7 91.5 36.3 27 .9 26.0 21.4 46.1 Elkton, S. D. t1 
57 90.5 32.3 28.0 22.8 18.7 49.2 Codington County, Watertown, S. D. > 
18 !)0.0 34.4 35.6 28.4 24.4 36.0 Stanley County, Mission Ridge, S. D. p:1 
16 90.0 38.1 17.0 28.8 23.6 54.2 Kingsbury County, Lake Preston, S. D. 0 
81 89.5 37.3 45.8 29.6 24.2 24.6 No. 2 Base Soil t-3 
39 89.0 35.6 27.2 27.6 20.0 45.2 Walworth County, Selby, S. D. > 28 88.5 34.1 47.9 25.1 20.2 27.0 Faulk County, Zell, S. D. 
35 88.0 34.1 47.7 26.9 23.5 25.4 Brookings County, Bruce, S. D. t_%j 
61 87 .5 30.0 48.0 23.4 19.7 28.6 Clark County, Elrod, S. D. :>< 
55 86.0 35.8 41.8 28.0 23.6 30.2 Day County, Lily S. D. 1-,j 
48 82.5 38.1 21.7 26.9 23.3 51.4 Clay County, Wakonda, S. D. t_%j 
1 1  82.5 40.9 34.3 33.1 28.1 32.6 Wolsey, S. D. � 3 79.0 40.4 18.6 33.2 30.0 48.2 No. 1 Base Soil H 
78 75.0 44.6 35.0 33.1 29.1 31.9 Hughes County, Weber Farm � 
37 73.5 41.0 38.4 34.2 30.7 27.4 Edmunds County, Ipswich, S. D. t_%j 
26 72.5 43.5 25.2 35.0 30.4 39.8 Potter County, Gettysburg, S. D. z 24 70.0 53.0 19.3 41.4 36.2 39.3 Red Spearfish Loam, Fall River County t-3 51 69.0 42.2 29.8 33.0 30.2 37.2 Bon Homme County, Tyndall, S. D. 
63 65.0 46.8 23.0 38.4 34.1 38.6 Cheyenne Agency, Forest City, S. D. w 
14 50.0 55.2 25.9 49.1 38.0 25.0 Iriquois, S. D. t-3 
29 50.0 61.0 19.8 51.5 46.0 28.7 Gumbo, Ft. Pierre, S. D. > 
�· Includes mineral aggregate. 
t-3 
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unfavorable soils. Soils containing 40 per cent or more of colloids should 
never be used except after careful testing ; in which case certain coverings 
might make their use possible. All walls in table No. 1 ranging in colloids 
from 39 down to 30 per cent are favorable soils. They will not crack or 
check badly and they would stand for many years as bare earth walls. 
Most of them will become more or less unsightly as they weather, however, 
depending upon the color and texture of the soil. It is therefore desirable 
to use a protective covering on them. 
All walls having a colloidal content of 30 per cent or less are except­
tionally good walls. There are four of these, from natural soils, in the 
yard, and all of them show a sand content of 70 per cent or more, as shown 
in the table. They are walls No. 10, 5, 20, and 22. It is possible these walls 
might stand for many years without any covering and show a nice smooth 
surface. They have already .stood for five years and the surface seems to 
be getting harder and more resistant to the weather. It is quite true that 
a green wall is more easily marred by a driving rain or sleet, than is one 
1 00 
r----... () 
-..r<,..""-
b .10 
0 ""r-,.... 
90 
........ "'"c c. O  . ' "7 \.  " M) 
l'-'\'I
"' 
'-ll'\ 
� 
" 
� 
\. ,,. ..... 
o,X 
-
- � 
\ 10 
_\ 
� \ ' 
1 
\ (_ p I so 
1 0  20 30 40 .so 60 
Col loids i n  Soi l , Percent. 
Fig. 4.-This Curve Shows the Relation of Resistance of a Pise Wall to Weathering and the 
Total Soil Colloids in the Soil, As Taken from Table 1 
·For natural soils a distinct dividing line between favorable soils and unfavorable soils 
has been found to be at 40 per cent. 
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that has seasoned for a year. It is quite safe to let a bare wall stand for a 
time if desirable, because if it should be badly marred the rough surface 
makes it just' right to stucco afterwards. 
Fig. 5.-An Earth Wall From a Dirt Containing 46 Per Cent "Total Soil Colloids" 
This is a heavy clay soil containing very little sand. The wall was rammed on July 
29, 1931 ; the picture at the left was taken seven days later ; and the picture at the 
right was taken on June 5, 1932 about 10 months later. The wall failed and was later 
torn down and re-rammed with similar results. This is weathering wall No. 63 in Table 
1 .  
Fig. 6.-An Earth Wall From a Soil Containing 1 9  Per Cent Total Colloids 
This soil is a very sandy, gravelly, yellow sub-soil looking almost like gravel. It 
'is wall No. 5 in Table 1 and is one of the two highest rating walls in the yard. It 
was rammed on July 12, 1930 ,  and this picture was taken on February 19, 1936 or 
51h years later. There was practical},y no shrinking in this wall and no checking. A 
trace of snow is shown on the surface in this picture. 
CLAY COLLOIDS UNFAVORABLE FOR RAMMED EARTH 11 
Relation of Soil Composition to Favorable Pise Soils 
Sand and Quality.-Reference to Col. 4 in tabl,e 1 shows a somewhat 
irregular relationship between the sand content of the soil and the quality 
of the wall. As before stated, however, no natural soil was found with a 
high sand content that was unfavorable. The exceptions were cases in 
which a wall, built from soil of low sand content, was found favorable. 
Wall No. 41 with a sand content of 19.9 per cent and a quality rating of 
97 is the most striking exception. 
Clay and Quality.-While a small amount of clay is desirable in a soil 
for pise work, a large amount of it is definitely unfavorable. The allow­
able amount of clay seems to be about 30 per cent. If there is more than 
30 per cent of clay in the soil it will be poor, and if there is more than 40 
per cent it will be entirely unfit for use. The ratio of clay to the quality of 
the wall is close enough so that clay might be used quite accurately as the 
factor of identification for favorable soils instead of soil colloids. 
The two reasons why we have preferred to use colloids are : First, the 
total colloids can be determined in 45 minutes less time by the hydrometer 
method, and second, the fine silt particles that settle as colloids in this 
test, are believed to !lave an unfavorable effect along with the clay. These 
fine particles settle between the 15 minute and the 60 minute readings of 
the hydrometer. 
The very fine clay, as shown in Col. 6, is included also in the amount 
•f conventional clay as they were analyzed, and the study so far does not 
!!eem to establish any definite effect of it on the quality of the wall, over 
that of the coarser clay particles. As a matter of fact most of the clay as 
determined was very fine clay. 
Silt and Quality.-The amount of conventional silt as shown in Col. 7 
does not appear to have a definite ratio with the quality of the wall. Some 
of the soils with a high silt content were quite favorable for pise work. 
A comparison of Col. 4 and 7, however, shows that favorable soils that 
were found to have a low sand content invariably have a high silt con­
tent. This would lead to the conclusion that silt is not unfavorable, except 
perhaps the very fine silt that settles with the colloids after the first 15 
minutes of the hydrometer test. Three outstanding examples of this are 
found in walls No. 41 with a silt content of 56.3, No. 57 with a silt content 
of 49.2, and No. 16 with a silt content of 54.2. All of these walls are of good 
quality. 
Size of Soil Particles.-In the hydrometer method of soil analysis, 
used in this study, the classification is made according to the grain sizes. 
The standard classification, as set up by the United States Bureau of 
Soils, was used in calibrating the equipment. 
This classification is as follows : 
All grain sizes above .05 of a millimeter in diameter is classified as 
mineral aggregate including, fine gravel, coarse sand, sand, fine sand, 
and very fine sand, all of which we have listed together as "sand" in table 
No. 1 . Grain sizes from .05 of a millimeter to .005 of a millimeter in 
diameter is classified as silt. Grain sizes of .005 of a millimeter in diam­
eter and less is classified as conventional clay and all grain sizes of .002 
millimeters and less is classified as very fine clay, in this analysis. The 
total colloids include all the clay and all of the silt except that portion 
of tbe silt which settles in the · first 15 minutes of the test and which 
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includes the larger grain sizes. The colloids then include all soil particles 
remaining in suspension in this test, at the end of 15 minutes. Before 
the hydrometer metho.d of analysis was used in this study, a 200 mesh 
screen was used for separating the sand from the silt and clay. It may 
be of interest to note that the figure for total sand in table No. 1 averages 
11 per cent higher than that obtained for sand, over the 200 mes!l screen. 
The difference however ranged all the way from 1.2 to 23 per cent. 
The fact that a heavy soil of high colloidal content makes a poor 
quality soil for pise work, may be explained by several closely related 
reasons. Such a soil requires a considerable amount of moisture in order 
that it can be properly rammed, This moisture will amount to 16 or even 
18 per cent. A light sandy soil of low colloidal content will require only 
7 to 9 per cent of moisture for proper ramming. These moisture figures 
are based upon the total weig!lt of the damp soil. A large amount of 
moisture in the soil at the time of ramming causes excessive shrink­
ing of the soil in the wall and excessive checking and cracking of the 
surface, ·because the surf ace dries out and shrinks first. The shrinkage 
of an earth wall will, in fact, vary almost directly with the amount of 
moisture used in the soil at the time of ramming, if the correct amount of 
moisture was used for the particular soil ( See Fig. 5 ) .  T!le shrinkage 
coefficient for most soils will, therefore, vary directly with the colloidal 
content of the soil. After the center of this type of wall has dried out, 
there is a settling back of the soil and a closing of the shrinkage cracks, 
but they do not close completely enough to afford a resistant surface to 
weathering. In addition to this, the study indicates th&t soils of a high 
colloidal nature deteriorate and crumble at the surface for other reasons. 
We have drawn the conclusion that this is probably due to the fact that 
the finer textured soils absorb and retain a relatively larger amount of 
moisture from the air, and from rains, as in the case of natural soils, and 
that this moisture breaks down the surface texture of the pise structure 
causing it to crumble. Freezing and thawing no doubt accelerate the 
crumbling of the surface of such a wall, but freezing is not at all neces­
sary to a very rapid deterioration. 
Relation of Soil Colloids to Strength in Pise Walls 
A heavy soil, high in colloids, will generally show a greater strength 
than a lighter sandier soil. This is particularly true of a new wall, and 
up to two or three years of age. As the walls grow older they all be­
come harder and stronger, just as in the case of concrete. The lighter 
soils increase in strength more than the heavy ones after a period of six 
months however, and at the end of two year's time the difference in 
strength is much less ( See Fig. 7 ) .  This is as long as the comparison has 
been made up to this time, but it is possible that after a long enough 
time, the strength of t!ie lighter soils may equal that of the heavier. This 
factor of strength is not important in ordinary building construction as 
the strength will be more than ample for any wall whose surface does not 
actually crumble away. A protective covering will prevent this crumbling, 
even with soils that are only fairly favorable. Such soils should always be 
protected with a covering. No definite project was carried on relative 
to colloids and strength, but after the ·colloidal content of the soils was 
determined the results were compared with the strengt!i of 21 different 
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soils and the above conclusions are drawn from them. This relationship 
may be seen in table No. 3. Table No. 3 records the results of a careful 
series of tests which · were made on "the effect of age on the strength of 
rammed earth walls" and shows this relationship for colloids also. The 
series covered a period of two years and the report of it follows. 
Effect of Age Upon the Strength of Pise Walls 
In order to study the effect of age upon the strength of rammed 
earth a series of 36 test blocks were made. These were made of standard 
size, 9x9x9 inches (See Fig. 1 1 )  and in order that the results be conclusive, 
three widely different soils were used. These were the same three base 
soils that were used in many other studies reported in South Dakota Ex­
periment Station Bulletin 277. The description of them is shown in table No. 
2. Soil No. 1 is a very heavy clay containing only 10 .36 per cent sand. 
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Fig. 7.-Pise or Rammed Earth Walls Increase in Strength With Age in the 
Same Way As Concrete 
The average increase in strength of the 36 test pieces recorded in Table 2 was 45 
per cent as shown graphically in the above chart. Three basic soils were used as 
shown by the columns. 
(1) 
Bue 
Soil 
1 
1 
1 
1 
Av. 
2 
2 
2 
2 
Av. 
3 
3 
3 
3 
Av. 
1 
1 
1 
1 
Av. 
2 
2 
2 
2 
Av. 
3 
3 
3 
3 
Av. 
1 
1 
1 
1 
Av. 
2 
2 
2 
2 
Av. 
3 
3 
3 
3 
Av. 
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Soil No. 2 is a medium soil containing 37.56 per cent sand. And soil No. _3 
is a very sandy soil containing 74.82 per cent total sand. The sand in 
these soils was separated over a 200 mesh sieve. The test blocks were 
made in the laboratory in the winter of 1933. Twelve test blocks were 
made from each soil and all from the same pile of dirt. At the end of 
six months one third of the blocks of each kind of soil were placed in 
a Riehle testing machine and given a compression test. At the 
end of one year a second group of blocks was broken and at the end of 
two years the third group was broken. Since it is very difficult to read 
the incipient load for test pieces of rammed earth they were tested to 
complete failure and the ultimate strength reading was recorded. The 
results are shown in table No. 2 and summarized in table No. 3. In order 
that the human factor be reduced to a minimum in the making of the 
test pieces, two identical forms were used and two test pieces were made 
at t..li.e same time. Two experienced and careful men were used for the ram-
TABLE No. 2.-Effect of Age on Strencth of Piae or Rammed Earth-Strength in Compres sion 
Strength• Tests Made at the Age of 6 Months, One Year, and Two Years. 
(2) 
Block 
No. 
25 
26 
27 
28 
13 
14 
15 
16 
1 
2 
3 
4 
29 
30 
31 
32 
17 
18 
19 
20 
5 
6 
7 
8 
33 
34 
35 
36 
21 
2% 
23 
24 
9 
10 
1 1  
1 2  
(3) 
Age 
When 
Broken 
6 Mo. 
6 Mo. 
6 Mo. 
6 Mo. 
6 Mo. 
tl Mo. 
6 Mo. 
6 Mo. 
6 Mo. 
6 Mo. 
6 Mo. 
6 Mo. 
1 Year 
1 Year 
1 Year 
1 Year 
1 Year 
1 Year 
1 Year 
1 Year 
1 Year 
1 Year 
1 Year 
1 Year 
2 Years 
2 Years 
2 Years 
2 Years 
2 Years 
2 Years 
2 Years 
2 Years 
2 Years 
2 Years 
2 Years 
2 Years 
(4) 
Total 
Breaking 
Load 
30,000 
33,500 
29,720 
34,520 
31,935 
22,330 
30,630 
35,320 
29,060 
29,335 
36,200 
26,410 
24 ,590 
25,640 
28,210 
45 ,860 
38,290 
51 ,630 
34,530 
42,577 
40,335 
43,640 
44,510 
36,895 
4 1 ,345 
36,380 
38,410 
34,125 
33,580 
35,624 
54,340 
33,320 
48,730 
46,430 
45,705 
47,080 
37,970 
45.060 
47,270 
44,845 
34,400 
31,150 
46,390 
45,100 
39,260 
(5) 
Load 
Per 
Sq. In. 
370.4 
413.5 
366.9 
426.2 
275.7 
378.4 
436.0 
358.8 
446.9 
326.0 
303.6 
316.5 
566.2 
472.7 
637.4 
426.3 
498.0 
539.0 
549.5 
455.5 
449.1 
474.2 
421 .3 
414.6 
670.9 
411 .4 
601.6 
573.2 
581.2 
468.8 
556.3 
588.6 
424. 6  
384.6 
572.7 
556.8 
(6) 
Depth of 
Block in 
Inches 
3;75 
9.00 
9.25. 
9.20 
9.10 
9 .30 
9 .00 
9.3.0 
9.12 
8.88 
9.38 
9.0-0 
9.20 
9.25 
9.00 
9.15 
9.35 
8.92 
9.10 
9.40 
8.92 
9.18 
9,28 
8.92 
8.96 
9.30 
9.06 
9.10 
9.085 
9.45 
9 .00 
9 • .(7 
9.12 
9.47 
8.95 
9.40 
(7) 
Variation 
In 
Depth 
.25 
o.oo 
.25 
.20 
. 10 
.30 
o.oo 
.30 
.12 
.12 
.38 
0.00 
.20 
.25 
o.oo 
. 15 
.35 
.08 
.10 
.40 
.08 
. 18 
.28 
.08 
.04 
.30 
.06 
.10 
.085 
,.(5 
0.00 
,.(7 
.12 
.47 
.05 
.40 
(8) (9) 
Correction True Strengtla 
Lbs. Per Lbs. Per 
Sq. Inch Sq. Inch 
13.26 
0.00 
13.26 
10.60 
5.30 
15.90 
o.oo 
15.90 
6.36 
6.36 
20.14 
o.oo 
10.60 
13.26 
o.oo 
7.95 
18.55 
4.24 
5.30 
21.20 
4.24 
9.54 
14.85 
4.24 
2 . 10 
15.90 
3.20 
5.30 
4.50 
23.80 
o.oo 
24.80 
6.40 
24.80 
2 .60 
21.20 
357.2 
413.5 
380. 1  
436.8 
396.9 
281.0 
394.3 
436.0 
374.7 
371.5  
453.3 
319.6  
323.7 
316.5 
353.3 
576.8. 
485.9 
637.4 
434.2 
533.6 
516.5 
543.2 
554.8 
446.7 
515.3 
453.3 
483.7 
436.1  
410.4 
445.9 
668.8 
427.3 
604.8 
578.5 
569.8 
585.7 
492.6 
55d.3 
608.4 
560.7 
431 .0 
409.4 
570. 1  
578.0 
497 .1 
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ming, and in the middle of each layer of soil rammed in the form, these 
men changed places. In order that the blocks be as nearly identical in 
depth as possible the dirt for each layer was weighed. The results were 
very satisfactory as the test pieces broke at reasonably uniform loads all 
the way through. 
In table No. 2 the record of strength for each individual block of the 
series is given in. order to s!low the variation in strength and the method 
of obtaining the average figures which are used in table No. 3. Col. 4 
gives t!ie total breaking load for each test block. Each test block 
has a top surface of 81 square inches, and Col. 5 shows the strength 
of the test blocks in pounds per square inch. A former study whic:.1. 
was made on the effect of the depth of block on its strength in com­
pression, showed that the average correction for a variation in the 
depth of the test blocks is 5.3 pounds per square inch, for each tenth of 
an inch of variance from the standard nine inch depth. This average 
figure was used for making the corrections in this test and Cols. 6, 7, . and 
8 in the table show the corrections made, while Col. 9 gives the true 
strength of the test blocks in pounds per square inc!l. The average figure 
from this column for the three different types of soil and at the three 
ages, is used in table No. 3 which is a summary of this table. In addition 
to summarizing the age-strength figures, table No. 3 shows the relation 
of the "total sand" in the soil to the strength of pise walls and also the 
relation of the "total colloids" to the strength of the walls. ( See p. 16 ) .  
This table needs very little explanation. Col. 1 lists the three base 
soils used in the test. Col. 2 shows the total sand, and Col. 3 the total 
colloids in these three soils. Col. 4 shows the average strength of the 
test blocks, from each base soil, at the age of six months ; Col. 5 shows the 
Testing the Rammed Earth Blocks for Strength in Compression 
This Riehle testing machine was used for giving strength tests to the test blocks 
in the ;,age-strength" study (see Table 3 ) .  Bearing surfaces of fine sand are used for 
the test pieces. The block in the machine failed at 36,000 lbs. at the age of 60 days, 
which is 444 lbs. per square inch. This is about an average strength for this age. 
TABLE No. 3.-Effect of Age Upon the Strength of Pise or Rammed Earth 
A Summary of Table 2 and Also Showing the Relation of Total Sand and Total Soil Colloids to the Strength of Rammed Earth. 
( 1) (2 ) (3) (4) (5 ) ( 6) (7) (8) (9) 
Base % Total Sand Total Av. Strength Av. Strength Increase in Av. Strength Increase in No. of 
Soil Over No. 200 Colloids in At 6 months At one year Strength At two years Strength Block in 
No. Sieve Soil Lbs. Per Sq. In. Lbs. Per Sq. In. Over 6 Mo. Lbs. Per Sq. In. Over 6 Mo. Series 
No. 1 10.36 40.4 396.9 Lbs. 533.0 Lbs. 34.4% 569.8 Lbs. 43.5% 12 
No. 2 37.56 37.3 371 .5  Lbs. 522.8 Lbs. 40.8% 560.7 Lbs. 50.7% 1 2  
No. 3 74.82 19.0 353.3 Lbs. 445.9 Lbs. 26 .3% 497 .1 Lbs. 40.7% 12 
Av. 373 .9 Lbs. 500.6 Lbs. 33.7% 543.2 Lbs. 45.0% 
TABLE No. 4.-Effect of Adding Sand to Soils for Weather Resistance in Pise Walls 
A Comparison of the. Quality of the Original and the Corrected Wall Is Shown in Cols. 2 and 
(1)  (2) (3) (4) (5 ) (6) (7) (8) ( 9 )  
Original Wall Total Total Sand Added Total Sand Effect of "Corrected- Identification 
Wall Rating Colloids Sand To Corrected In Corrected Adding Wall" Of 
No� Per cent Per cent Per cent Wall-Per cent Wall-Per cent Sand Rating Soil 
10• 99.  17.0 76.2 Huron 
5* 99. 19.0 77.2 No. 3 Base Soil 
20• 97.5 20.4 7 1 . 6  Timber Lake 
4 1  97. 33.0 19.9 41.25 6 1. 1 5  Quality Improved 98. Beresford 
22• 96.5 16.8 75.2 Dewey County 
46 95 .5  31 .3  44.8 13.8 58.6 No Improvement 95.5 Mitchell 
9* 95.5 32.5 53.8 North Beadle 
53 92. 37.0 28.8 27 .5  56.3 Much Improved 97. Stratford 
7 91 . 5  36 .3  27.9 31 .  75 59. 65 Much Improved 95. Elkton 
57 90.5 32.3 28.0 34. 3 62.3 Much Improved 95. Watertown 
18* 90.  34.4 35.6 Mission Ridge 
1 6  90. 38 .1  17.0 46.0 63.0 Improved 93. Lake Preston 
8 1  89.5 37. 3  45.8 16.5 62.3 Much Improved 97. No. 2 Base Soil 
39 89. 35.6 27.2 4 1 . 5  68.7 Much Improved 96.  Selby 
28* 88.5 34.1 47.9 Zell 
35 88.  34.1  47.7 10.2 57.9 Much Improved 95. Bruce 
61  87.5 30. 48.0 6. 1 54. 1 Slightly Improved 88. Elrod 
55  86 .  35 .8  4 1. 8  15.2 57.0 Improved 87. Lily 
48 82.5 38.1 2L7 39.7 6 1 .4 Poorer 80. Wakonda 
11  82.5 40.9 34.3 19.6 53.9 No Improvement 82.5 Wolsey 
3 79. 40.4 18.6 38.4 57.0 Slightly Improved 83. No. 1 Base Soil 
78* 75. 44.6 35.0 Hughes 
37 73.5  41 .0  38 .4  16.1 54.5 Improved 78. Ipswich 
26  72.5  43.5 25.2 45.5 70.7 Slightly Poorer 72. Gettysburg 
24 70.  53.0 19.3 48.2 67.5 Much Improved 92. Spearfish 
5 1  69. 42.2 29.8. 32.9 62.7 Slightly Improved 70. Tyndall 
63 65. 46.8 23.0 48.4 71 .4 No Improvement 65 .  Cheyene Gumbo 
14  50. 55.2 25.9 36.7 62.6 No lmvrovement 50 lriquois 
29* 50. 61 .0  19 .8  Ft. Pierre 
• Corrected Walls were not made for the starred walls. 
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strength at one year ; and Col. 7 s!:iows the strength at two years. Cols. 
6 and 8 show the increase in strength of the test blocks in per cent. The 
average gain in strength from six months to one year was 33.7 per cent, 
and the average gain from six months to two years was 45 per cent. This 
gain in strength is shown graphically in Fig. 7. 
Total Soil Colloids and Protective Coverings 
In this discussion of soil colloids and favorable soil for pise work it 
assumes that the wall is to be exposed to the weather under the ordinary 
roof projection. If the wall is protected from the weather, inside, or 
under a porch almost any soil should stand satisfactorily without a pro­
tective covering. Otherwise, the results indicate that it would be a safe 
practice to use a protective covering on all permanent building walls. The 
wall then, will stand as long as the covering is kept in repair. If the 
soil is of excellent quality and high in sand content the wall might 
stand 100 years or more without any protective covering but unless the 
texture is just right the surface will become rather unsightly. This is 
especially true of dark soils which contain large amounts of coarse 
aggragate. The surface slowly weathers until the white pebbles are 
exposed. High colloid soils are unfavorable for the use of protective 
coverings also. Although the covering tests are not complete, this fact 
has been quite definitely established for oil paints and stuccos. (See 
Fig. 8. ) Oil paints will stand on an earth surface containing 40 per 
Fig. 8.-Pise Walls Made From Heavy Clay Soils Cannot Be Made Satisfactory 
By Any Known Protective Covering 
The center wall of heavy clay soil containing 46.8 per cent of total colloids shows 
a complete failure of portland cement stucco as a covering. The picture was taken 
11 months after the wall was stuccoed. This is an extremely heavy clay soil. The 
wall at the right of the picture shows a failure of o. s. house paint on the same 
heavy clay soil. The wall at the left is an average dirt containing 37 .3 per cent total 
soil colloids. The paint on this wall is much better and may prove to be satisfactory. 
Stucco is an excellent covering on favorable soils. 
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cent colloids for a period of one to two years after which failure will 
take place. It will stand much better on a surface of low colloids and may 
prove entirely satisfactory. In all probability the same inverse ratio 
will be found for coverings as has been established for weather resist­
ance. Namely, that as the colloidal content increases in earth walls the 
less favorable the surface will be found for holding coverings. However, 
the amount of sand in the soil seems to be a better indication of its 
adaptibility to the use of coverings. A report on protective coverings for 
rammed earth walls will be made in a later bulletin . 
• 
Fig. 9.-A Very Unfavorable Soil That Is Greatly Improved by Adding Sand 
Wall No. 24 at the left is a very unfavorable soil when used without the addition 
of sand. It is the red Spearfish loam soil found extensively in the Black Hills region 
of South Dakota. This dirt contains 53 per cent total soil colloids. 
Wall number 25 at the right is made from the same soil with enough sand added 
to bring the total sand up to 67 .5 per cent and thereby reducing the total soil col­
loids to 28.5 per ·cent. The original wall No. 24 was built in 1930 while the corrected 
wall No. 25 was built in 1931. The pictures were taken in March 1936. Wall No. 25  
does not rate . as  an excellent wall but it  is  a satisfactory wall. 
Fig. 10.-Showing An Average Soil As It Is Improved by Adding Sand 
Wall No. 7 at the left is an average soil when used without the addition of sand. 
It is black with a brown tinge and contains 27.9 per cent total sand and 86.8 per 
cent total colloids. This wall is hard and is resisting weathering very well, but is 
improved by the addition of sand. 
Wall No. · s at the right is the "corrected" wall which was paired with No. 7. It 
is the same soil to which enough sand was added to bring the total sand content up 
to 59.6 per cent. The total colloids in this wall were thereby reduced to 25.8 per cent. 
This is an excellent wall, smooth and hard as a rock. Both of these walls were built 
in 1930 and the pictures were taken in March 1936. 
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Effect of Adding Sand to Reduce the Colloidal 
· Content of Soils 
The addition of sand to the loose earth before it is rammed will, 
of course, reduce its colloidal content in per cent. This will reduce the 
amount of moisture required in the soil for proper ramming, reduce 
the $hrinkage as the wall dries out, and reduce the checking and crack­
ing of the wall surface. With this in mind, weathering walls were built in 
the yard with sand added, and paired with the wall of original dirt. 
These walls are recorded in the study as "corrected walls." For each 
of 20 of the 29 walls of original dirt shown in table No. 1, a corrected 
wall was built. These were for the soils that were more or less low in 
sand content, and in the corrected walls the sand content was increased 
to 55 or 60 per cent, by weight, as determined by the hydrometer· 
test. Table No. 4, p. 16, shows a record of these 20 corrected walls, built 
and paired with the wall of original dirt with sand added to see if the 
original wall would be improved and if so, by how much. 
As is shown by the table, in 14 cases the quality of the wall was 
improved in the corrected wall. This is shown in Col. 7 and again in 
Col. 8 by the improved rating in quality of the corrected wall over the 
original wall as shown in Col. 2. In two cases the quality of the wall 
was slightly reduced. While in four cases there was no apparent dif­
ference in the quality due to the added sand. In one corrected wall 
the amount of sand was reduced in the original very sandy soil, by add­
ing heavy clay to bring the sand content down to a level with the other 
-corrected walls. The result was a very poor wall that practically failed, 
while the original very sandy wall, No. 22, proved to be an excellent wall 
with a quality rating, after five years, of 96.5 per cent. This is a very fine 
sandy soil, dark brown in color from Timber Lake, · S. D., that seems to im­
prove with age. Its surface now begins to resemble brown sand-stone. A 
study of table No. 2 will show that natural soils, having a low colloidal con­
tent, were improved more by adding sand than were soils high in. colloids. 
'The addition of sand did not improve the walls uniformly nor in propor­
tion to the colloidal content. Some walls were improved considera.bly more 
than others, but 10 of them were improved to a rating of above 90 per 
.cent, making them excellent walls. ( See Fig. 10. ) Only one soil that was 
high in colloids was greatly improved. This soil testing 53 per cent col­
loids, which classifiies a natural soil as definitely unfavorable, was im­
proved in quality up to a rating of 92 per cent in the corrected wall. This 
was the corrected wall pairing weathe1·ing wall No. 24 (See Fig. 9. ) As 
table No. 1 shows, this soil is rather high in silt, not so high in clay, and 
does not shrink badly. A comparison of table No. 1 and table No. 4 indi­
,cates that soils high in silt are generally improved more by the addition 
of sand. 
The work has shown conclusively that the addition of sand, which 
may be bank-run aggregate, improves pise walls and that the practice 
is a good one. The addition of a reasonable amount of sand is little 
trouble, as the dirt it turned on the mixing board for the purpose of 
· equalizing the moisture, and it will ram more quickly. In fact the time 
saved in ramming the wall will often more than make up for the time 
used in hauling and adding the sand. A sandy soil is heavy, less spongy, 
and will ram solid in a few strokes of the rammer. The fact that the 
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addition of sand does not generally improve soils that are high in colloids, 
to the point of making them satisfactory for pise work, further es­
tablishes the fact that soils containing more than 40 per cent colloids 
should never be used until they are given a careful test. 
Additional Findings Since the Issuance of Experiment 
Station Bulletin 277 in 1933 
Since publication of Experiment Station Bulletin No. 277 entitled 
"Rammed Earth Walls for Farm Buildings" some results have been ob­
tained and some conclusions drawn that should be reported in this bull­
etin. 
High Clay and Covedngs.-The oil paints used on walls of earth with 
high clay content, and also comparatively high in colloids, began to show 
signs of failure after standing well for a period of nearly two years. 
The first indication of failure was just above the foundations which 
were not built high enough above the ground line. The failure, however, 
later spread over the face of the walls and this practice is now considered 
unsatisfactory for making the use of clay soils practicable. An extensive 
study is now in progress for determining whether oil paints can be 
satisfactorily used on earth that is high in sand and low in colloids. 
Present indications are that such will be the case. Some comparatively 
old panels on walls of sandy soil are standing well and a series of walls 
have now been built and painted for this test that contain an amount of 
sand that is graduated from 35 per cent up to 80 per cent. The colloidal 
content varies in approximately the same proportion. A limited study in­
dicates that the soils which are very high in colloids and clay are also 
unsatisfactory for stuccoes and dagga plaster. 
Time for Painting W alls.--An extensive study of the most satis­
factory interval between the time the wall is rammed and the time for 
applying oil paints has been made. No definite advantage in time was 
shown. Apparently an earth wall of favorable soil can be painted at 
any time after three days in dry weather. A wall that is to be painted 
should probably be given the priming coat within 60 days after com­
pletion, especially if a smooth surf ace is desired, and the second coat 
should follow in approximately one week if the weather is not wet. It 
is important that the priming coat does not get wet immediately after 
it is applied and especially so if clear linseed oil is.used for the priming 
coat. Little difference could be found in the use of a priming coat of lin­
seed oil and one of thin paint, except when rain followed soon after the 
application. The paint showed an advantage here, but in either case in 
damp weather it would be good practice to protect the paint with canvas if 
possible. 
Special Foundations for Pise Walls. - The concrete foundation of 
special design as shown for the rammed earth poultry house on page 
59 of bulletin No. 277 have stood with entire satisfaction for four years. 
Similar foundations have been used under eight foot walls and 
the practice may be considered satisfactory for walls of reasonable 
height if good concrete is used. A good footing at least 8 inches wider 
than the thickness of the wall is important under heavy farm building 
walls and may be made by widening the trench at the bottom. These 
walls have great weight. A favorable soil when rammed in a wall will 
CLAY COLLOIDS UNFAVORABLE FOR RAMMED EA,RTH 21 
Fig. 11.-A New Machinery Shed With Walls of Rammed Earth 
This is an experimental building 26 by 72 feet with walls of rammed earth, up to 
the plate. Many building features are being tested in this building and the outside 
walls are to be used for covering panels, where many different protective coverings 
will be tried. The building, including the foundation, was built by student labor. 
weigh approximately 125 pounds per cubic foot. And a wall 12 inches 
thick and 8 feet high ( the maximum height recommended for a 12 inch 
wall) will weigh 1,000 pounds per running foot. 
Ramming Tools.-A new type of rammer is now being used along with 
the others shown in Bulletin 277. It is an ordinary floor rammer used in 
tamping the sub-base for concrete work. One of these rammers is now 
being used with each crew of men. It is used to go over the loose layer 
of dirt in the form for the first time, and takes the place of one of the 
smaller steel-head rammers whic!i are used for finishing the layer. The 
rammer has a flat cast iron head that is 6 inches square, and a handle 
of wood. It can be bought for a nominal sum at most hardware stores. 
Thin Walls May Warp.-Disconnected sections of pise walls if left 
standing for long periods unfinished, tend to warp out of line. If more 
than 6 feet in height, and entirely disconnected from the rest of the 
wall from t!ie foundation on up, as at door openings, the top of the wall 
may warp. This is at least true of a thin, 12-inch wall and the condition 
should be avoided. 
Wall Protection.-The use of a tough fiber building paper has been 
found more satisfactory for protecting the tops of earth walls, while 
under construction, than the rubberoid roofing shown on page 62 of 
Bulletin 277. It is held in place by nailing strips onto the wall about 3 
inches from the bottom edge of the paper and slipping lath underneath 
this edge. This makes the lower edge of the paper flare away from the 
wall and prevents heavy rains from flowing down its surface. 
Bonding Cement Stuccoes.-An extensive study is being made of 
methods of bonding plasters and stuccoes to earth walls. A brief state­
ment of it, only, will be made at this time. Five hundred feet of test 
panels are now under test on an experimental wall or fence. Inexpensive 
methods of bonding are given first consideration. Wire nails of various 
22 BULLETIN 298 SOUTH DAKOTA EXPERIMENT STATION 
sizes, with various spacings, and methods of placing, have been tried 
on these panels without any metal lath, wire or other reinforcing mater­
ial, thereby reducing the cost to a minimum. Common 16-penny nails 
spaced approximately 12 inches on center, but at random rather than 
in straight rows, seems to be the best combination. These nails have been 
driven into small holes gouged in the wall surface at various intervals 
and left with the head of the nail extending slightly so as to engage the 
first or scratch coat of stucco. Nails have also been driven into the wall 
and directly through the green scratch-coat as it is being applied. The 
green stucco is literally nailed to the earth wall, and after it hardens is 
firmly bonded. This method is quick and easy and seems most practical 
and satisfactory up to the present time. In addition to the test fence 
panels, a poultry house wall has been stuccoed a two-coat job in this 
manner and seems completely satisfactory after more than a year. The 
16-penny nails are used for this method also, and are spaced approximate­
ly 12 inches on center both ways, but at random rather than in line. 
Poultry House Temperatures.-The experimental poultry house with 
rammed earth walls which is described in Experiment Station Bulletin 
277 has been under temperature tests by the Poultry department of the 
college. Temperatures have been taken in this house in early mornings and 
early afternoon for three years. These temperatures have been com­
pared to tho.se taken in a house with average insulated frame walls of 
similar size and design and with the same number of birds. A summary 
of their records show that "for the five cold months, November through 
March, temperatures in the rammed earth house averaged 5.9 degrees 
F. warmer in the early morning than in the frame house. Afternoon 
temperatures were practically the same in both houses. The fluctuation 
in temperature of the daily reading averaged 6 degrees less in the earth 
house." The condensation of frost on the inside walls was much less 
in the earth house. No frost appeared at an,· except after very long cold 
periods which allow the cold temperature to penetrate to the inside sur­
face. 
Summary 
A soil low in colloids is favorable for pise walls and resists weather­
ing action well. A soil that tests high in colloids is unfavorable for the 
purpose. A test for colloids not only identifies the dirt as favorable or 
unfavorable, but it will indicate just how favorable it will be. The qual­
ity of the earth wall will vary inversely with the colloids in the soil as 
revealed by the analysis. 
The hydrometer method of soil analysis lends itself well to work 
with earth walls. With this method the colloidal content of a soil can be 
obtained in 40 minutes after the sample has been dried to constant 
weight. This test can be made only in the laboratory, and the equipment 
that is necessary is shown on the front cover. 
Heavy clay soils are high in colloids and are unfavorable for rammed 
earth walls. Light sandy soils are low in colloids and are very favorable 
for the purpose. The dividing line between favorable and unfavorable 
dirt will be that having a colloidal content of 40 per cent. Soils contain­
ing more than 40 per cent colloids will not be fit to use as they are, and in 
few cases can such soils be made satisfactory for the purpose by adding 
a reasonable amount of sand or by special protective coverings. 
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Silt seems to be more favorable in a dirt than does clay. Although 
no uniform ratio is shown between the silt content and the quality of the 
wall it is apparent that silt is generally favorable. It is also true 'that 
a silty soil makes an excellent wall when sand is artificially added. 
Sand is distinctly favorable in a dirt for pise work. Sandy soil re­
sists weathering, rams much more quickly, holds protective coverings 
well, and probably will hold oil paints. No soil containing less than 80 
per cent sand is too sandy for the purpose. 
Foundations for pise walls should extend 12 to 15 inches above the 
ground except in cases in which cement stuccoes are used for coverings, 
in which case 9 inches may be sufficient. 
Rammed earth increases in strength with age in the same way as 
concrete. The average increase in strength was 45 per cent in a period of 
two years. 
This experimental study was not made with the idea of promoting 
pise construction but was made for the purpose of securing much need­
ed information about it. Money will be wasted and unsatisfactory results 
are probable without this information. Enough information has been 
secured, up to the present, so that successful walls will be assured if 
the practices are followed which are indicated in South Dakota Experi­
ment Station Bulletin No. 277 and in this leaflet. There is still much 
work to be done on coverings, on possible methods of using dirt that 
cannot now be used successfully, and upon building · practices. 
The cost of rammed earth walls will vary greatly with the experience 
of the crew doing the work. An inexperienced crew will lose a great 
deal of time in moving the forms after a section of wall is finished. Paul 
J. Ellington who has had a great deal of experience in building with 
rammed earth in Europe and who publishes a book entitled "Modern 
Pise Building" uses experienced men for the work. He states in this 
book that walls of pise can be built for approximately one-half the cost 
of good walls of other materials. He also sites instances of pise walls in 
France that have stood for 200 years in good repair, and of houses in 
England that have stood more than 100 years. 
In our building work we have used student labor in which the per­
sonnel of the crew would change each time and the work has been done 
at short and irregular intervals. ,With inexperienced crews doing the work 
at the regular wages, the cost of rammed earth walls will be just about 
equal to the cost of the average frame building. However if the owner 
does his own work, the total cash outlay for the walls should not exceed 
$10 to $15 for the rental of forms and ramming tools. In quality the 
rammed earth walls are much superior to walls of other materials for 
buildings in which the insulating value is of importance. Such buildings 
would include the dwelling house in any but very moderate climates. For 
poultry houses their value should be at least double that of lumber. Their 
greatest advantage is their insulating quality, durability, and the fact that 
there are no mortar joints. to allow infiltration of cold air and to limit 
the life of the wall. The material is unique as well as durable and fire 
proof, and it is hoped that a transparent paint covering may be found 
for it that will not hide the identity of the earth surface. Many soils make a 
wall that is beautifully mottled and a transparent covering would protect 
it from becoming roughened and at the same time preserve the identity of 
the material. 
